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Br Aa Jo Kraemcre/ 
 INT2OLUcTiIoN 


| Few important improvements other than the development of cracicing 
processes were made in technical petroleum refining: from 1914 to 1919, 
Refiners were concerned mainly with enlarging their plants and erecting 
new plants to meet the groving demand for petroleum products. Shell 
stills operated as a unit or arrenged in series for progressive or con» 
tinuous distilletion were the prevailing distilletion eauipment. Some 
improvement was meade in condensers, tut in most refineries of the period 
coils of pipe imnersed in tans of water were used to condense vepors 
and cool liquid proiucts of the stills, Heat exchangers to conserve heat 
and reduce costs vere mere highly developed at California topping plants | 
than at cther plants. in this connection wecevor tas) states: 
It 1s regretted that information concerning the onera~ 
tion of topping plents with eastern and Middle West oils is 
not availeble. The writer carefully canvassed the Middle 
West, but did not find a plant where operation had progressed 
beyond the early experimental stares and reliable figures 
could te furnished. 


1/ The Burem of Mines will welcome reprirting of this peper, provided the 
following footnote acknowledgment is uscd: "Reprinted from Bureau of 
Mines Information Circular 7172." | | | 

This paper is one of a series on petroleum prepared at the request 
of the Energy Resources Committee of the National Pesources Plan~ 
ning Board. Other papers in the series include Developments in the 
Americen Petroleum Industry, 1914-19, Exploration, Drilling, Froduc- 
tion, ani Transportation, by H. ©. Fowler (Inf, Circe 7171); Technical 
Research by the Bureau of Mines in Oii and Cas Production, Refining, 

and Utilization, by H, C,. Miller and G 3. Srea, (Inf,Circ. 7173); 
Gains in Cil and Gas Production, Refining and Utilization Techniques, 
by H. C. Miller anc G, B. Shea (published separately by the National 
Resources Planning Poard eas Technical Paper Noe 3, 1941). 

Work on manuscript completed May 1910. . 

of Senior refinery enzineer, Bureau of Mines, Washington, De Ceo 

3/ Wadsworth, Je Me, Removal of the Lighter Hydrocarbons from Petroleum 
by Continuous Distillation: Bureaw of Mines Bull. 152, 1919, pe. 2. 
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Where heat exchangers were employed the hot residuum from the last 
still in a battery of continuous stills wes passed tnrough steel housings 
of rectangular or circular cross section containing pipec through which 
the cold oil was passed in the opposite direction on its way to the first 
still of the series. Frequently the cil was heated enough to obviate 
the necessity of firing the first still in the battery. Furthermore, in 
some California topping pient 47 heat exchange was employed not only to 
utilize the heat content of residuum but also to condense water and 
hydrocerbons vaporized in the distillation processe 


This review of the developrents of technology in petroleum refining 
during 1914-19 is based onthe scanty information found in the literature 
for that period. Hardison’ points out the inadequacy of such informa- 
tion in the following statement: 


Unlike the mining industry, technical literature of the 
oil industry is limited and extremely unsatisfactory. Until 
the recent efforts of the petroleum end Gas Committee of the 
Anerican Institute of Mining Engineers, no concerted movement 
has been instituted to secure publication of paners dealing 
with problems of the oil business. 


Although little was publiched during these years on siecerin ine methods 
and practices, a review of the early petroleum bibliographies pubdlished 
by the Pureau of Mines shows many technical articles dealing with 
laboratory studies of crude petroleum and petroleum products and with 
petroleum refining. In this brief article, however, no attempt will be 
made to review these papers, as they represent improved technology only 
in the embryonic stage. | 


CRACKING PROCESSES 


Status of Cracking Processes; January 1, 1914 


The desirability of deccmposing hydrocarbons of hizh molecular weight 
to form commounds of lewer molecular weight and greater volatility had 
been recognized many years before the period under review. Although 
cracking was still in its infancy at the end of 1919, the process was 
‘an important feature of the petroleum industry during that time, Com~' 
mercial crac'sing was introduced in 1913, but in 1914 the cracking process 
for manufacture of motor fuel was used in only a few refineriess 


i/ See footnote 3. OC 
5/ Hardison, Je Se, The Dehydrating O21 Plant of Nevada Petroleum Co., 
Californias. Transe Ame Inste Mine Ene» VOle el, 1915, Pe 627. 

6/ Burroughs, E. He, Bibliography of Petroleum and Allied Substances for 
' 1915: Bureau of Mines Bull. 149, 147 npe; for 1916: Bull. 165, 159 
ppe; for 1917: Bull. 180, 170 pre; for 1°18: Bull. 129, 180 pre 

for 1919 and 1920: Bull. 216, 374 pp. 
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Rittman and his coworkersL/ reviewed briefly ‘the various means for 
cracking oils that had been investigated, beginning with English Patent 
3,345 issued December 27, 1855, to Jemes Young, usually considered the 
starting point in a discussion of the subject. The record of the crack 
ing petent case involving the Standard Oil Co. “Iniiana) end otner de~ 
fendantsh/ contains cetailed ct cussions of many cracking patents 
LeslielY/ and Ellis and veeenny also give much information on cracking 
processeSe 


surton Cracking Process 


The process Imown as the Burton cracking process, patented D 
William M. Burton and others of the Standard Oil Co. SA ley 
was the only one in commercial operation at the beginning of 1914, 


The Burton process was the first commercially successful 
process for raking gasoline by cracking, and in spite of in» 
tensive work by many otner comeanies end individuals, for 6 
or 7 years after its Geveloprent it was the only commercially 
successful processe The Eurton process was the first directly- 
fired pressure cracking process which was or could be run on 
a large scale to meke a high percentage of gasoline and still 
maintain a poereg it gala {relatively cool bottom plate of the 
cracking still). 


In his address of acceptance of the Willard Gibbs medal for 1918, 
Williem M, Purtonit/ said: 


7/ Rittman, W. Fe, Dutton, C. Be, and Dea:, Se We, Manufacture of Gasoline 
and Eenzene~Toluene from Petroleum and Other Hydrocarbons: Bureau of 
Mines Bull. 114, 1916, 257 ppe | 

8/ In the District Court of the United States, Northern District of 
Illinois, Eastern Division, United States of America vs. Standard 
Oil Coe (Indiena), et al, In Equity No. ‘131. 

9/ Brief of Defendant Standard Oil Coe (Indiana) on tue Validity of 

Patents, 308 ppe | 


Technical Reference Book to Accompeny Brief of Defendant Standard 
Oil Co, (Indiana) on the Validity of Patents, 381 ppe 


10/ Leslie, Ee He, Motor Fuels, Their Production and Technology: Chemical 
Catalog Coe, New York, 1923, 641 pz. 

11/ Ellis, Carleton, and Meigs, Je Ve, Gasoline and Other Motor Fuels: D. 
Van Nostrand Coe, New York, 1921, [09 ppe . ; 

12/ Burton, We Me, Manufacture of Gasoline: U. S. Patent 1,049, 667, Jan. 
7, 1913, Clark, Be Mes Ue Se Patent 1,119,496, Dece 1, 1914, 
Humphreys, Re Ee: U. Se. Patent 1,122,Ce2, Dece ce, 1914: and other 
patent se | | 

13/ See footnote 96 Brief of DefeAdant, sece Qe 

14/ Burton, William M., Chemistry in the Petroleum Industry: Inde and 
Enge Cheme, vole 10, Now 6, June 1918, pe 486. 
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The first large [Parton cracking process] still we built 
had a charging capacity of 6,000 gallons of heavy oil, and by 
starting with fuel—oil products having boiling points runging 
from 200° to 350° C. we were able to secure a very sutstantial 
yield cf procuct having boiling points ranging from 50° up to 
200° C.; and to our great gratification the losses incurred 
thereby were triflinz, averaging less than 3 percent. We were 
astonisned, also, to find that the higheboiling residues. thus 
producec yielded a product almost identical with the natural 
asphalt which is mined in large quantities in the island of 
Trinidad, Evidently we are doing artifically what nature has 
done in ages gone by, vize, distilling petroleum under pressures 


In 1915 Jamesi3/ stated: 


The new system [Burton cracking proces S| hes been installed 
at Neodesha, Sugar Creek, and Whiting, and is being installed 
at the Wood River refinery at Alton, Ill. ‘The product by this 
system formerly was yellow and odorous, but these defects Rave 
been remedied. 


Oildom (October 1916, Pe 79) 


The Solar Refining Co. is installing 90 Burton stills 
for the production of gascline. The Tidewater Q11 Co. is ex- 
pected by the end cf the year to have 30 Burton stills in op= 
eration, with a totel of 60 stills by Jume 1917. This will 
place the company among the largest gasoline proiucers in the 
country. 


Thus, it appears that the Burton cracking-nrocess operations attained 
significant PErponvTons eanne in the period under revierte 


No satinates of the quantity of gascline made by cracking in ist 
have been found in the literature. Accordi ne to Vane 4. Manning, Director 
of the Bureau of Wines,20/ however, the estimated "output of gasoline by 
the Burton process, the crackinz rrocess used by the Stancard Oil comma- 
nies, amounted in 1915 to 3,000,000 barreis." 


The literature of the period indicates considerable opnosition to 
cracked gasoline, and refiners were loath to admit that their marketed 
products contained cracked gasoline, This attitude was, of course, re~ 
versed in later years as it was found that cracked gascline functioned as 
_ well as the straignt—-run product; with increased compression ratios or 
automobile engines cracked gasoline attained the position of a preferred 
_ product because of the absence of knocking in gasoline containing signif- 
icant preportions of the cracked produck, 


15/ James, He Ge, Comprehensive Hevicw of Cil-Re* ining Conditionas Oil 
and Gas Joure, vol, 13, Now 44, Ayre €, 1915, pe 17 
16/ Preface.to work cited in footnote 7. 
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Rittman Cracking Process 

Second to the Burtgn Process, tre process developed by W. Fe. Ritt~ 
man and his coworkers=.l received moct attention in tne trade presse. 
The Rittman process was announced by Franklin K, Lane, Secretary of the 
Interior, on Merch 1, 1915.22/ The announcement stated that Dre Walter 
F. Rittman, of the purest cf Mines, had discovered a process that would 
greatly increase the production of gasoline and also produce benzol and 
toluol, chemicals used in making dyestuffs and nien ean eevee 


Early in 1916 Yan. H, Manning!3/ stated: 


The Ue S- Government is offering American refiners at no 
cost the right to make use of the Rittman process, which will 
increase the average amount of gasoline by rot less than 20 
percent, and to as high as 50 percent. Culy ten refineries 
have accepted the offer. On February l, 1915, seven refineries, 
in six States, were installing plants for the gasoline procesSe 
Benzene and toluene were being produced in large quantities by 
the other processe 


In addition to the 10 licensees20/ of the Rittman process, appli-~ 
cations for licenses were pending and other licenses were about to be 
issued, The process, however, was develoned primarily to provide an 
additional source of benzene and toluene for the manufacture of munitions 
and did not prove successful in the modification intended for the manu- 
facture of gasoline, 


The lack of success of the Rittman process may be attributed to var-= 
ious factors. Although the large quantity of coke formed on the interior 
surfaces of the reaction vessels and the high temperatures and fie aes 
employed undoubtedly were serious handicaps, the provisions of the licens- 
ing agreement may have had considerable restraining influence:= 


Although the use of the processes is tc be free of charge 

to all citizens of tne United States, it has been considered | 
necessary for the protection of the basic patents, that licen- 
sees shall assign to the Secretary of the Interior, as trustee, . 

17/ See footnote 7. 

18/ National Petroleum News, Two Men Discover Similar Gasoline-Making 
Processes: Vole 7, Noe 1, March 1915, pe le 

19/ Manning, Vane He, Petroleum Conservation Needed: Oildom, vole 6, 
Noe 4, April. 1916, pe 1656 

20/ Oildom (June 1916, pe 270) lists the following licensees of the — 
Rittman process: Germania Refining Co., Oil City, Pas; Pure Oil Co., 
Minneapolis, Minn.; Pittsburgh Oil Refining Coe, Coraopolis, Pae3 
Indian Refining Coe, Lawrenceville, Illes; Midwest Refining Coss 
Casper, Wyoe; American Oilfields Co. of California, Fellows, Calif., 
Je Cy. McDowell, Pittsburgh, Pa.; ‘Associated Oil Co., San Francisco, 
Calife; Benolite Coe, Pittsburgh, Pae; and Premier Oil Coe, Los 
Angeles, Calif. 

21/ Work cited in footnote 7, pe 13le : 
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all patentable improvements, relating to the. process, that 

may be developed by them, during the emoloyment of the processe 
It is felt that if each licensee obtains the benefits of the 
improvements workeu out by his colicensees, there is no particu- 
lar hardship in his being compelled to turn over to the Govern~ 
ment such improvements of a patentable character as may origi- 
nate witn himself or his emploveese The justness of this con- 
dition, it is believed, will reedily be recognized. 


The agreement even stipulated22/ that "the cost of obtaining such 
letters patent, including the Patent Office fees, [are] to be paid by 
the second party [the licensee]." It was modified later by the Secre- 
tary of the Interior, but the change was not satisfactory to some 
prospective licensees. 


_ Apparently the egreement did not protect licensees against litigation 
as to the validity of the patents on the Rittman process. 


Leslie! 523/ treatise, published in 1923, says of tre Rittman process: 


Basic patents covering the Rittman process have not been 
issued as yet in this country but have been issued in Englande 
Patents covering a number of features of the apparatus have 
been granted ty the U. S. Patent Office. *-* * So far as I 
em aware, the Rittman process is not being pushed today, mainly 
because of lack of a promotore It is a good example of the 
stagnation that results when a process is free to all. 


The 14 United States patentscu/ listed by Leslie end Cross were is» 
sued between 1920 end 1923, The delay in issue of patents may have 
helped to retard commercial development of the precess. In 1920, when 
the first patent on the Rittman process was issued, otner processes had 
been developed and were on a production basis; and by 15922, when five 
additional patents were issued to Rittman in this country, cracking 
processes had developed even further. 


snelling "Synthetic Cruce Oil" Process 


he Snelling process probably received more attention in the petro- 
Leum trade journals of 1915 tnan any other sakaaeaes aaa except the 
Burton and Rittman processes. Snelling announced£2/ his process ata 
meeting of the American Institute of Mining Engineers, February 14, 1915. 


22/ Work cited in footnote 7, pe 122.6 

eo) Work cited in footnote 10, ppe “sl, 345, 

24/ Cross, Roy Ae, Handbook of Petroleum, Asphalt, and Natural Gas: 
Kansas ely Testing Laboratory Bulle No. 25, Kansas City, Moe, 

25/ Snelling, We a Gasoline from synthetic! Crude Oil: Trans. Ame 
Inste Mine Enge, 1915, vole 51, ppe 657-67 1¢ 
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He stated that it was discovered "in the course of some experiments more 
then 5 years ago made for a totally different purpose than the investi-~ 
gation of the oil used." A "synthetic crude 011" was made by placizg in 
a bomblike vessel approximately one-fvurta of its volume of lubricating 
oil, fuel oil, petrola‘um, paraffin wax, or other pnetrolerm fraction and 
heating to a temperature of approximately 09° F.; a pressure of avout 
S00 pounds per syuare inch was thus generate’. The vessel and contents 
were cooled, and the liquic product was subjccted to fractional distilla- 
tion, The resulting fractions commrised 15 percent of gasoline and 30 
percent of burning oil, togetner with heavier licuic products, gas, and 
coke. The gasoline and kerosene distillates were clear and water white 
without treatment with acid or alkali and were free from the odor familiar 
in "cracked" petroleum distillates. 


Tre process was owned jointly by Dre Snelling end John T,. Milliken, 
of the Milliken Refining Co., St. Louis, Mos. So far as can be learned, 
it was never operated on a commercial scales 


Lesli 26 says of the Snelling process: "The difficvlty with nethods 
that do not remove the products continuously lies in the low yield per 
cycle and the relatively long time required fcr cooling." 


Aluminum Chloride Processes 
The processes of A. Me HicAfeeZL/ erd Ge We G ayee/ apparently are 
adaptations oh the process of Friedel and Crafts. Bureau of Mines 
Bulletin 114 differentiates tnese nrocesses as follows: 


Several processes have been devised for faciliteting the 
cracking reaction at atmospheric pressure by adding aiumninum 
chloride to the oils to be treated. 


The first process of this nature seens to have been that 
of Friedel and Crafts. From 5 to 20 percent of anhydrous 
aluminum chloride is added to the. hydrocarpvcn material and 
the mixture hected in a still or other large retort to a temmer- 
ature varying Zrom 100° to €00° C. The process was designed to 
produce burning oils, lubricating oils, etc., from heavier 


26] Work cited in footnote 10, pe 354.6 

‘ef McAfee, A. Me, Process of Improving Oils: Ue. S. Patent 1,127,465, 
Februery 9, 1915, and other patents; Inrrovement of High Boiling . 
Petroleum Oils and the Manufacture of Gasoline as a Byproduct There- 
from by the Action of Aluminum Chloride: Ind. and Img. Cheme, vole 
7, 1915, poe 737, Tle i 

28/ Gray, Ge Wes Method for Converting Higher~Boiling Petroleum Hydro- 

"earbons into Lower-—Boiling Petroleum Hydrocarbons: Ue Se Patents 

1,193,540 and 1,193,541, Aveust S, 1916. . 

29/ Friedel, Chas., and Crafts, Je Me, Aluminum Chloride for Chemical 
Reactions: English Patent 4,759, December 15, 1877. 

30/ Work cited in footnote 7, pe 14. 
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hydrocarbonse Gasoline, of course, was not in demand at that 
time, so that the edaptability of the process for gasoline 
production was not mentioned, although clearly, in the light 
of later kmowledge, the process is equally suitable for this 
PUITOSCe 


Gray, an American inventor, has ratented e similar pro=- 
cess with the addition of a mechanical stirrer which keeps) 
the aluminum chloride in suspension in the hydrocarbon mate~ 
rial ard prevents its being overheated. The mixture is heated 
to a temperature not higher than 163° to 177° C. Usually 5 to 
10 percent of anhydrous aluninum chloride or other metallic 
chloride is used. 


The more recently patented process of McAfee proposes 
the use of the same percentage admixture of aluminun chlo . 
ride, as specified by Gray, and approximately the same ten~ 
peratures (149° to 1779 C.). No mechanical stirrer is usede 
A new feature is the use cf ea separate chamber between tne 
still and the first condenser for the separation and recovery 
of the aluminum caoloride. 


The McAfee patent was assigned to the Gulf Refining Coey and a plant 
was built at Port Arthur, Tex., to operate wader this processe Oildcon 
(June 1916, pe 269) statess 


The Guif Refining Coe has denied the statement that it 
is to install the Rittman process, and states that it is per- 
fectly satisfied with the McAfee process, whish it ~as devel= 
oped, and thet it will install the process on an extensive _ 
scale. 


Apparently considerable quentities of gasoline were mace by the,process, 
but, so far as can de learned, the process was never operated elsewhere 
than at the Port Arthur (Tex.) refinery of the Gulf Refining Coe Diffi- 
culties in the menufacture of aluminum chloride at low cost and of ree 
covering aluminum chloride from the tarry residue of the process hindered 
its successe Several patents were issued to McAfee relating to the manw 
facture of aluminum chloride andi its recovery from the Beescuee 


Leslie32/ says of the McAfee and Gray processes: 


The aluminum. chloride processes have not been used in a 
large way as yet, thouga the Gulf Refining Co. at Port Arthur 
is still carrying on development work along this line under 
Dr. McAfee's direction, and tne Texas Coe is doing likewise 
with the Gray processSe | ; ° 


31} Work cited in Footnote 10, pe 3526 
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Were it not for the cost of the aluminum chloride the 

McAfee end Gray processes would be widely used tocay because 

of the excellent quality of the rreduct, and the avoicance of 

the use of pressuree On the busis cf 69 pounds of alvninum 

chloride for every 100 gallons of reavy oil the production of 

each gallon of gasoline must be cnareed with the cost of 1.0 

to 1-1/4 pounds of aluminum chiorice. 

Cross Cracizing Process 

The process patented by We. Me. and Roy Crosse/ was the next after 
that of Burton in point of time to attain larse commercial succesSe 
Although Oildom (June 1°15, pe 26°) stated that the Rosedale Refining 
eet err Kanse, was building a Cross process plant, other refer~ 
ence indicate tnat the plant at the Lawrenceville, Ill., refinery 
of the Indian Fefining Co. was the fing commercial installation. A 
statement from Cross Cracking Process foliows: 


In Jamiary 1921 ore wnit only was operating at the In- 
dian Pefining Coe at Lavrenceville, Ill., while at this tine 
over 60 units are licensed to operatee 


This pamphlet @lso carries the following legend under a halftone illius-~ 
tration; 


The first experimental plant erected using the Cross processe 
This plant wes built in 1915-16, and has a capacity of about 100 
barrels of gasoline per day. On this plant nearly all of the ex~ 
perimental work was done, 


Dubbs Cracking: Process 


The Dubbs cracking process apnerently is the only one employed 
during 1914-19 that is still in operatione 


Leslieso/ points out: 
The Universal Cil Products Co« er s that the Burton | 


process is an infringement on a patert2Y issued to Jesse Ae 
Dubbs, and suit is pending [1922] in U. S. District Court at 


32/ Cross, Walter M., Process of Treatitig Hydrocarbons and Products 
Derived Therefrom: U. Se Patent 1,203,312, October 31, 1916, and 
other patentse 

Work cited in footnote 10, pe 376-6 
' Gasolire Products Coe, Cross Cracking Process: Kansas City, 
Moe, August 1923, 15 pn. 

3) Work cited in foctnote 10, pe 379« _ 

36/ Dobbs, Jesse Ae, Treating Oil: Ue. S. Patent 1,123,502, January 5, 
1915. (Application filed November 20, 1909 .) 
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Kansas Citye <A plant was built near Santa Barbara, Calife, in 
1909, and an emulsified oil was dehydrated by the process of 
heating under pressure es described in the patent. 


esp ts to an extended account of the development of the Dubbs rroce 
ess published in the Oil and Gas Journal, a demonstration run of a 
Dubbs cracking plant was made at Independence, Kanse, on July 19, 1919, 
before a group of oil refiners, The wnit had e daily charging capacity 
of about SO barrels. The run wes storped at the end of 10 days, as had 
been agreed upon in advance — this period was considered arple to give 
conclusive results. The charging stock was gas 0il. When the unit was 
opened after it had cooled the tubes were seen to be free from cokee 


One reason for the success of the Dubos process in contrast to the 
Rittman process may be found in the sre Hl statement of provisions 
of the Dubbs licensing agreement of 1919:2° 


First, guarantee of the performance of the unit as to 
capacity ard vield, with a provision which coverei reimourse= 
ment of its ccst to the refinery and removai of tne unit from 
his plant if it failed to meet the guarantees. 


Second, unqualified guarantee to every licensee of immunity 
against the world from all charges of patent infringement. This 
includes not merely defense of litigation but also full protec= 
tion against all loss through damages that mignt be assessed 


Other Cracking Processes 
No doubt other processes were operated on a plant scaie during the 
period 1914-19. However, no definite statements were found in the trade 
press to indicate that such was the casee Oilcom (June 1916, pe 269) 
stated that Midwest refiners were installing plants on an extensive scale 


and gave the following list of refineries where plants were completed and 
in operations 


Cosden & Coe, Tulsa, Ol-lae. 

Consolidated Oil & Refining Coe, Cleveland, Okla., and 
East Ste Louis, Ill. 

Great Western Refining Co., Erie, Yanse 

Sapulpa Refining Co., Sapulpa, Okla. 

North American Refining Coe, FPemeta, Okla. 


It seems likely that the plants referred to were neither Rittman 
nor Burton-process plants. 


7/ Universal Oil Froducts Coe: 
2s 1937, De U-le. 
38/ See footnote 3fe 


Oil and Gas Joure, vole 36, Now 2, 
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A large number of other cracking processes might be mentioned, but 
for the purposes of this brief review the three commercially successful 
processes (Burton, Cross, and Dubos) that were sterted on a commercial 
scale during 1914-19, end the three relatively unsuccessful processes 
receiving most mention in the trade vress (Rittman, Snelling, and McAfee), 
will indicate the trend of Cevelovnert. Other processes are discussed 
in the svecial trectises cited.24 | 


ee iN gpeeaetats OF GASOLINS 
FROM NATURAL EYDROCARBCN GAS 


During 191/+19 the volatile liquid product extracted from natural 
hydrocarbon gas was desiymated as "casinghead gasoline” because it was 
first extracted from casinghead gas, the gas produced vetween tne tubing 
end the inner casing of oil wells, wnich rises in the well to the casing= 
head. The term "natural-gas gasoline" gradual! ly came into use and was 
superseded oy the term "natural. gasoline." Avot 1921 the Association 
of Natural Gasoline Manufacturers adopted specifications for four grades 
of natural gasoline and four grades of motor natural gasoline (blends 
with petrcleum nenhtha to similate straighi-run gasoline made by distilla~ 
tion from crude petroleum). 


The natural gasoline industry anrarently started in Pennsylvania 
and West Virginia about 1907-04. One of the important early plants was 
built ty John L. Gray about 1907~10. 


Table 1 gives natural-gasoline production for 1914 to 1919, in- 
clusivee 


TAPLE 1. ~ paca eOe of notural fasoline in ane 


Gallons 
he, 652,632 


TOV es reesei 


1 OD oe esis es 65, 764,665 
TOT Gi5-cceccwces 103, 92, 689 
DON (ists sin wees 217,684,104 
TOUS 5:6 s:ete teeres 252,535,550 
101 J enac ew sec £51, 535,026 


l/ Geological Survey, U. S. Department of the 
Tnterior, Mineral Resources of the United 
State Se 


-It is notable that the production in 1916 almost doubled that of 
1915, and in 1917 more than doubled the production of 1916. 


39] work cited in footnotes 7, 9, 10, and ll. 
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Manufacture of natural gasoline during 1914-19 consisted essentially 
of extracting liquefiavle vavors (and the gases dissolved in the liquid) 
from natural gas by comcressicn, refrigeration, or absorption, or com 
binations of these procedures. Tne raw product of the extraction process 
was "stabilized" or "weatherod® by keeping it in covered steel storage 
tanks withcut means of holding pressure on the tanks long enough to per- 
mit evaporation of the more volatile constituents. 


The following discussion, 37 naturalegasoline mamufacture is Dased 
upon the treatise by Burrell._2 


In 1905 William Meybure, a retired preacher of New York, purchased 
@ gas engine from the Bessemer Gas Fngine Co. Later casual inquiry by 
that company disclosed that he was using the engine to operate a com 
pressor for compressing casinghead gas to about CO pounds pressure per 
square inch to extract its gasoline content. His plant was still oper- 
ating about 1924, althoveh consicerebly enlarged and somewhat re- 
modeled. Mayburg!s plant was therefore the forerunner of the high 
pressure, compression, gasoline plants of the early twenties, These. 
plants operated on essentially the same principle as the Mayburg plant; 
that is, they were equipped with a compressor to compress the gas, a 
prime mover to run the compresscr, cooling coils, and a tank to collect 
the condensate. The first stabilizing colums (p. 16) were erected 
about 1923. 


The Bessemer Gas Engine Coe, immediately became interested in May- 
burz's process, foreseeing in it ea business that might grow and provide 
a market of consequence for gas engines and otner macninery made by 
them. A lerge majority of the gas engines used in the compression 
method of. extracting gasoline from natural gas were installed by that 
companye Pioneers in fvrnishing compressors for the work were the 
Ingersoll-Rand Co, The Bessemer Gas Engine Coe and Frank Peterson, who 
joined that firm in 1910 and studied oroblens of this new industry in» 
tensively, deserve much credit for establishing the industry on a firm 
commercial basise 


Absorption Process | 


While the compression method of extracting gasoline from natural 
gas was being perfected, another process, the oil absorption process, 
was being edaptec to extract gasoline from so-called lean or dry natural 
gease Dry naturai gas does not contain encugh gasoline to make it amen~ 
able to treatment by the compression metnod. 


The oil-absorption process as practiced tocay involves the same 
principle as when invented in 1875 by William Young of Clinpens, Ren~ 
frewshire, England, for extracting gaspline from gases produced in re~ 
fining shale oil, Since then it has been used extensively in Europe 


Burrell, Ge Ae, The Recovery of Gasoline from Natural Gass: Cheme 
Catalog Coe, New York, 1925, 600 ppe 
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for extracting bensol and toluol (light oil) from coal ges. The first 
installation for this purpose was made in the United States in 1898 by the | 
Semet=Solvay Coe, at Srracuse, Me Ye 


the oil-absormtion process cousists in bringing natural gas in com 
tact wita an oi] heavier then gasoline, whereupon the oil absorbs the 
gasoline. Tce cil is then pummed to a still and the gasoline cistilled 
by means of iieate The stripped oil is pumped back to the absorbers to 
receive another charge of gasoline. The oil simly acts as a carrier of 
gasoline from the absorber to the still, where the gasoline is removed 
end the oil sent back again in an endless rovnd of absorptions and dis~ 
tillationse 7 


The first absorption work in the natural-gasoline industry was done 
by the Hope Natural Gas Coe, a subsidiary of the Standard Oil Co of New 
Jersey, at Hastings,’ W. Vae- Operations were begun at the plant in 1913. 


The first low-pressure oil~absorption plant for processing cesinghead 
(wet) gas was built in 1913 by tine National Froducts Coe, in the Cleveland — 
oil pool, Cklahorae The charcoal process for extracting gasoline from 
natural gasoline was initiated in 1918 wen small-scale experiments by 
G Ae Burrell and G G. Oberfell. It consists in passing natural gas 
into’ absorbers containing porous or activated" charccal ground to & 
to lu-mesh; thig was used in gas masks during the World Ware After the 
charcoal hes abdscroed its quota of gasoline, live steam is passed into 
the absorbers containing it and tne gasoline is thus distilled out of 
the charcoal. The gasoline and steam are passed through condensers, 
where they are condensed and separatede Three absorbers filled with © 
charcoal are used; in one the charccal absorts, in another natural 
gasoline is being distilled, and the third absorber is being éooled, 
the three operations taking place si:mitaneouslye 


The charcoal process did not acaieve arked commercial succesSe 
According to Bureau of Mines statistics,— ‘l/ the 27 charcoal absorption 
plants operating in 1927 had a combined daily capacity of 214,000 galions 
of natural gasoline, whereas 11 ee in 1937 had a combined daily 
capacity of 91,000 ea dione. 


Natural gasoline made by the oil-abscorption nrocess before stabilizers 
were introduced was more stable than that made by compression processeSe 


A natural evolution of the natural-gasoline industry was the combi~ 
nation of compression and absorption processes. By this procedure the 
residue gas from compression processes operated at relatively low 
pressures (100 psi) was passed into absorption plants to extract the | 
remainder, The two portions of gasoline were combined to give a grade 


1/ Hopkins, Ge Re, and Seeley, E. Mo, Natural-CGascline Plants in the 
United States, January 1, 1938: Bureau of Mines Inf. Circe O31». 
1938, 22 ppe For later information see Natvral-Gasoline Plants 
in the United States, January 1, 1940: Bureau of Mines Inf. Circe 
7126, 1940, 21 pp. | 
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of gasoline less volatile than when only the compression process is 
used at higher pressurese — 


Engineers of the Bureau of Mines deserve special credit. for discern—- 
ing the potentialities of natural~gasoline extraction as a conservation 
practice as well as a profitable commercial undertaking. The following 
Bureeu of Mines publications, issued from 1912 to 1919, directed atten- 
tion to natural gasoline and the eng scerhne practices mec Ommenics there- 
in soon were adopted widely... 


Technical Paper 10. Liquefied Products of Netural Gas: Treir Prop- 
erties and Uses, by I. Ce Allen and G. A. Burrell. 1912. 
23 Epe 

Technical Paper 57- A Preliminary Report on the Utilization of 
Petroleum and Natural.Gas in Wycming, by W. Re Calvert, with 
a Discussion of the Suitability of Natural Gas for Making Saso— 
line, by G A. Burrell. W150 23 Pde 

Bulletin 88, The Gondensation of Gasoline from Natural Gas, “by 
G, A. Burrell, Fe Me Seibert, and G. G. Oberfelle 19156 | 
106 pn. 

Technical Paper 87. | Methods of Testing Natural Gas for Gasoline. 
Content, by G. A. Burrell and Ge We Jonese 1916. 25 ppe 

Bulletin 120., Extraction of Gasoline from Natural Gas by Absorp= 
tion Methods, by G, A. Burrell, Ps Me Biddison, and Ge Ge 
Oberfelle 1917. Jl pne (Delivered first in May 1916, as a 
paper before the Natural Gas,Association of Americas) , 

Bulletin 151, Recevery of Gasoline from Nocural Gas by Compres~ . 
sion and Refrigeration, by We Pe Dykema. 1918. 123 ppe 

Bulletin 176. Recent Developments in the Absorption Process for 
Recovering Gasoline from Natural Gas, by W. P. Dykemae 1919. 
JO Ppe | 


In addition to the Government reports listed, many Bureau articles . 

, on the subject were published in technical journals and presented before 

meetings of scientific and technical organizations. In this way much ine 
formation was placed directly before those most interested and was made 


available to the industry at the earliest possible date (exemplified by 
Bulletin 120). 


Elaborate fractionating columns or "stabilizers" operating under 
pressure were not used commercially until about 1923. By this practice 
the result accomplished by the earlier process of "weathering" to free 
the natural gasoline of dissolved gases and volatile liquids was a-~ | 
cnieved in a manner to control the volatility of the finished product 
and to conserve the volatile material thet formerly escaped to the air. 
The use of stabilizers made possible the large-scale development of the 
liquefied petrolsumges undustry, as these gases now are obtained solely 
from such stabilizers either at natural-gasoline plants or petroleum 
refineries. OO 7 ‘aC 
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However, Zanetti, hol in 1916, remerked that the fraction from 
natural gas containing propane and the butanes in some places is con 
densed with ethane by further compression of the "wet gas" after the 
first gasoline condenscte has been formede The material was put up in 
steel cylinders for use as an illuzinent or for welding with oxygene | 


OI SHALE IN 191'~19 


During the period under review interest in oil shale as a source of 
liquid fuels was enhanced by fear of imminent shortage of petroleume 
Many projects: for utilizing oil shale were undertaken, but none of these 
efforts proved commercially immortante cevint gives a good review of 
the early history of oil-shale developments in the United Statese 


Oil~Shale Studies of the Bureau of Mines 


In 1916 the Burean of Mines decided to study the technologic and 
economic’ aspects of oil shales of the United Stetes as a supplement to 
petroleum. The investigations were interruntel by the entrance of the 
United States into the World War but were resumed early in 1919. Con. 
ditions in the petroleum industry cf the United States in 1916 regarding 
available supply of petroleum and facilities for supplying demands differed 
from those ;revailing in recent years. The fuvure possibilities of 
petroleum sumply, particularly from the standycint of meeting the rapidly 
increasing demand for gasoline, were questions of much ccncerme 


Reports of the Geological Survey, t!/ Department of the Interior, 
hai established definitely that the oil-shale deposits were of immense 
magnitude and that their potential oil yield wes many times greater than 
the total quantity of petroiewn that had been produced from the oil 
fields of the United States. 


_ The reasons for investigating oil shale as a source of an adequate 
and dependable supoly of liquid fuel were: (1) The adequacy of the sup 
ply was beyond ouestion; (2) the oil in shales is not fugitive, as is 
petroleum: and (3) there is Little danger of the shale deteriorating or 
altering in place. 


OC; Zanetti, Je E., The Thermal Deconposition of the Fropane-Butane Frac~ 
tion from Natural Gas Condensate. Ind. Eng. Chem, vole By Now 8, 
ppe 674~678, August 1916. 
43/ Gavin, Me Jy, Oil Shale ~ A Historical, Technical, and Economic Study. 
Bureau of Mines Bull. 210, ig2h, 21 ppe. 
Yt / Woodruff, Ee Ge, and Day, De-Te, Oil Shale.of Northwestern Colorado 
and Northeastern Utah: Geol. Survey Bull. 521 (a), 1914, ppe I-21. 


Winchester, De E., Oil Shale in Northwestern Colorado and Adjacent 
Areas: Geole Survey Bull. 641 (£), 1916, ppe 139-198; Oil Shale of 
the Uinta Basin, Northeastern Utah, and Results of Dry Distillation 
of Miscellaneous Shale Samples: Geole Survey Bull. 691 (b) 1918, 


Dpe 2(-55e 
8191 ~15- 


Google 


I. Co 7172 


The judgment of the Bureaw of Mines engineers in deciding to study 
oil shales received substantial support in the executive order signed 
Decenber 6, 1915, by Fresident Wilson, establishing two Naval 0il—Shale 
Reserves to be held for the exclusive use or benefit of the United States 
Navye 


In July 1917 a chemical engineer of the Petrolewm Division, Burem 
of Mines, in a trip through the oil-shale fields of Colorado and Utan 
collected information on the companies, proposed methods of retorting, 
and details of some special tynes of retortse Samples of snales from 
various districts in this country were tested for their oil content, 
and a résumé of the oil~shale industry was comilede 


The Bureau of Mines study of oil shales and shale oils may be di- 
vided into two periodse During the first, from the beginning of the work 
in 1516 to 1925, various problems involved in commercial development of 
oil-shale utilization were studied. These studies were limited to labor- 
atory work, field surveys, and economic discussions based on the data 
then available pertaining to development of a future oil-shale industry 
in the United States. 


During this period much valuable fundamental information was ob= 
tained, and the groundwork was laid for the second period of the Bureau's 
work beginning in 1925. when the scope of the study was exnanded from 
laboratory scale to experimental oneration with units of commercial 
size on Naval Oil-Shale Reserves in Colorado. These operations were 
terminated and the plant was dismantled June 30, 1929. The Eureau has 
done no experimental work on oil shele since the large-scale tests were 
discontinued, 


ity of Gasoline Marlzeted in the United States 


In 1915 the Bureau of Mines made a gasoline surveyt5/ end in 1917 
and 1919 extended the worke!&/ The method used in distillation analysis 
of the samples taken during the 1915 survey differed considerably from 
that used in the surveys of 1917 and 1915. Therefore, corparison of 
results of the latter surveys with the earlier one can only be approxi-e 
mate. The average dry point (maximum temerature miicated by the ther- 
mometer in the laboratory distillation) reported for the 247 samples in 
the 1917 survey was 3949 F., and the corresponding point for the 851 
samples in the 1919 survey was 4239 F. These dry points were markedly 
higher than the corresponding values for the 52 samples of gasoline in- 
cluded in the 1915 survey, most of which probably were below 350° Fe 


Rittman, We Fe, Jacods, We Ae, and Dean, EH. We, Physical and Chen— 
ical Froperties of Gasoline Sold Throughout the United States Dur- 
ing the Calendar Year 1915; Surean of Mines Tech. Paper 16%, 1916, 


) PPe 
46/ Hill, He He, and Dean, BE. We, Quality of Gasoline Marketed in the 
United States: Bureau of Mines Bulle 191, 1921, 275 DDde 
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The increase in maximm boiling point of gasolines from 1915 to 
1917 and from 1917 to 1919 probably reflected increased demands for 
gaccline during thet perioce To meet these demands the supply was in~ 
creased to some extent by inclvding in gasoline larger proportions of 
petroleum distillate that formerly wes marketed in the kerosene fraction 
and vy blending kerosene with natural gasoline~-the production of which 
increased markedly from 1914 to 1919 (table 1)— but largely by in- 
creased production of crude petroleum and consequent enlargement of re- 
fining operationse 


Federal Specifications for Petroleum Products 


| Under date of July 31, 1918, President “ilson issued an order to 

the United States Fuel Administrator to prepare specifications for 
petroleum products and to proceed to this end by means of a Committee 
on Standardization of Petroleum Specifications. The first bulletin of 
this Committee, which was published in October 1918, contained among 
others a specification for motor gasoline. The gasoline specification 
of October 1918 ccnsisted principally of a distillation test and a general 
statement on quality. This generally is known as the "Navy specification" 
because it was originated by the Navy Department and had been used by 

that Department for some time before its adoption by the Committee. 


The specification of October 1918 was revised, effective November 25, 
1919. The revision also required only one test, the distillation range, 
which was somewhat more lenient than the earlier test. Federal specifi- 
cations for gasoline and other petroleum products have been revised from 
time to time since 1918, 


Ee We Deana) petroleum chemist of the Bureau of Mines, reviewed 
the status cf petroleum mehenine early in 1919. An abstract of his 
paper follows: 


The paper presents information relative to the effi- 
ciency of petroleum refinery practice of the time, The Bu~ 
reau of Mines is sufficiently acquainted with the subject to 
realize the inadequacy of the data upon which discussion 
Must be based. The figures given are actually nothing more 
then a series of rough Eeusletere 


The several most important ways in which the petroleum 
refining industry could increase the output of gasoline from 
a given quantity of crude oil were: (1) Universal adoption 
of a high "end point" or uoper volatility limit for gasoline; 
(2) general use of more efficient distillation methods and. 


Lean, E. %., Present Status of Refinery Practice in the United, 
States with Regard to Gasoline Production: Oil and Gas Jour.e, vole 17, 
No. 38, 1919, pre 52-53. Presented before New York SeCe, Soce Auto- 
motive Enge, February 16, 1919. © 


8191 17 = 


Go gle 


I. C. 7172 


equipment; (3) recovery of gasoline now lost in refinery op— 
erations, and (1!) wide use of cracking processes. There was 
one other possibility - the refining of crude netroleum now 
marketed as fuel oil without removing its naphtha contente 
The Bureau had not, however, succeeded in uncovering statis- 
tical evidence indicating that developments in this line 
could augment production by a maximum of more than 3 to 5 
percent of the quantity of gasoline then refinede 


End points of usual grades of motor fuel were between 
the limits of 392° and 446° F., and gasoline with end points 
as high as 46° F, was being used in tremendous quantity and. 
with satisfactory results. The Bureau could not go on record 
at that time as either advocating or approving such a standarde 


The distillation equipment employed by petroleum refiners 
did not operate with the same degree of efficiency that was be~ 
ing attained in some other industries. However, many refiners 
were maintaining as high a degree of distillation efficiency 
as was profitable under existing commer¢ial conditions. The 
probability seemed to be that efficiency in gasoline recovery 
ranged in different refineries between the limits of 75 and 
95 percent. It was improbable that the Nation's supply of gas- 
Oline would he increased more than about 10 percent through 
advances in the technicue of large=scale ee sticnevnons 


Bureau of Mines statistics of the time showed that an aver-— 
age of about 4 percent of the crude oil treated was lest in the 
course of refinery operationse Part of this loss was inevitable, 
but part represented gasoline that escaped with refinery gasese 
No doubt extraction of gasoline from refinery gases eventually 
would become a general practice. 


The wider use of cracking processes was without doubt the 
most promising means by which refiners could increase the out- 
put of gasoline from a given amount of petroleum. In order to 
apply the cracking process to the extent necessary to double 
gasoline production, the limitations apparent at that time in 
the class of processes to which the Burton process belonged 
would have to be obviated. 


The ratio between the market prices of gasoline and fuel 
oil was important in expansion of cracking operations. If the 
demand for fuel oil exceeds the supply, its price is bound to 
rise and the margin of profit of cracking processes vou be 
wiped oute 


Refiners may be able to augment production of gasoline by 
25 to 30 percent exclusive of the gains possible through wider 
application cf cracking, The wider use of cracking processes 
may permit further increases wo to a possible additional 100 
percente | | 
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Dean's article seems to suport the conclusion that petroleum 
refining methods did not improve marxeilr, from the technologic view- 
point, during the period 1914 to 1619 and indicates the reasons for the. 
absence of notable limrovements in technology. A higher degree of frac- 
tionating efficiency would not have teen profitable. The Burton crack~ 
ing process had inlierent linitatiors that imhibited its growthe The 
stability of a profitable ratio between the price of gasoline and fuel 
oil was doubdtfule | 


However, the major reason for the glicht improvement in technology 
was probably the urge to supply increased demands and to utilize the 
increased production of cruise petroleum. New refineries were being . 
built as ravidly as rossible and ccnsequently differed only in minor 
details from those most recently built. Undoubtedly minor improvements 
were made, particularly in successive refineries built by the sane 
company, but no radical changes were made during this period. 


The foregoins review of develonments in petroleum refining, crack- 
ing, natural-gasoline manufacture, and cil-chale technology seems to 
incicate that no technologic developments were of sufficient magnitude © 
to account for the increased production of gascline and other petroleum -~ 
products from 1914 to 1919. Evidently the reason for the increase must ~ 
be sougat in some other direction than in the field of technologic im 
provements. The following section of this report is an analysis,of the. 
available statistics on changes in number and capacity of petroleum 
refineries in the United States between 1914 and the end of 1919. 


Productive Canacity of Petroleum Refineries, 1914-1 


Table 2 is a compilation of availatle date on geogrmhical distri- 
bution and capacity of petroleum refineries in the United States in 
1914 and at the end of the years 1918 and 1919. Table 3 summarizes the 
data in table 2 to emphasize the regional changes in petroleum refining 
during the period under review. 


The data seem to indicate cleerly that tne major change in petroleum 
refining during this time was simmly growth, Apparentiy no important 
technologie development caused production of gasoline and other petroleum 
' products to increase between 1914 and 1919 other than the larger number 
of petroleum refineries in 1919 and consequent greater aggregate capacity 
to refine crude petroleum. Refiners cut more deeply into the crude oil 
charged to stills in makirg gasoline in 1919 than in 1914, but they were 
competent and t:ad the facilities to cut as deeply in 1914 as they did 
in 1919 if conditions had warranted ‘doing so. No technologic change 
was necessarye 
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Petroleum=refining facilities were not increased abruptly in 1914 


r. 


or from 1914 to 1919. The Bureau cof the Census reports; 2° 


The industry advanced steazily during the 35 years 
(1879-1914), the amount of petroleum refined in 1914 being 
neariy ll times as grezt and the cost of raterials and 
value of preiucts beine over 9 times as great as in 1879-e 
The greatest actvral increase during any of the year 
periods appears for 190G-14, though the industry showed 
marked development during each period. 


4g/ Bureau of the Census, Census of Mcnu“actures, 1914, Petroleum 
Refinings — 
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